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(57) ABSTRACT

According to the voltage V, that occurs at one end of at least
one of multiple coils of a fan motor, a back electromotive
force detection circuit generates a detection signal BEMF,,
asserted in a cyclic manner when a fan motor is stably rotat-
ing. A lock protection circuit detects a lock state of the fan
motor rotor. A period detection unit measures the detection
signal BEMF, period. A synchronization pulse generating
circuit generates a synchronization pulse having a period that
is 1/N (N represents an integer of 2 or more) of that of the
detection signal BEMF ,,measured in a previous cycle. A lock
judgment unit counts the synchronization pulse in increments
of cycles of the detection signal BEMF .. When the count
value exceeds a predetermined threshold value M (M repre-
sents an integer of 2 or more) which is greater than N, the lock
mode judgment signal is asserted.

15 Claims, 3 Drawing Sheets
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1
DRIVING APPARATUS FOR SENSORLESS
FAN MOTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

The present invention claims priority under 35 U.S.C. §119
to Japanese Application No. 2012-254505 filed Nov. 20,
2012, the entire content of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a motor driving technique.

2. Description of the Related Art

In recent years, increase in the operation speed of personal
computers and workstations has led to rapid increase in the
operation speeds of computation LSIs (large Scale Integrated
Circuit) such as CPUs (Central Processing Unit), DSPs (Digi-
tal Signal Processor), etc. Such L.SIs have a problem in that an
increase in the operation speed, i.e., an increase in clock
frequency involves an increase in heat generation. The heat
generation of the LSI leads to thermal runaway of the LSI
itself, or affects its peripheral circuits, which becomes a prob-
lem. Accordingly, such a situation requires a suitable thermal
cooling operation for the L.SI, as a crucial technique.

Examples of techniques for cooling an LSI includes an
air-cooling cooling method employing a cooling fan. In this
method, for example, a cooling fan is arranged such that it
faces the surface of the LSI, and cool air is blown onto the
surface of the LSI using the cooling fan.

With such a motor that drives such a cooling fan, if the
motor locks due to a foreign substance being stuck in the
cooling fan, this leads to an excessively large current flowing
through a coil or a semiconductor element, which can damage
the reliability of the device. In order to solve such a problem,
a lock protection circuit is employed, which suspends the
supply of electric power to the motor coil when the rotation of
the motor stops.

In order to appropriately perform lock protection, there is a
need to appropriately judge the motor rotation state. In a case
in which the motor has a sensor such as a Hall element, such
an arrangement is capable of judging in a sure manner based
on the output signal from the sensor whether or not the motor
is rotating (Patent document 1).

In contrast, in a case of employing a sensorless motor, such
an arrangement cannot use the output signal from such a Hall
element. In this case, such an arrangement requires an alter-
native method. Specifically, with such an arrangement, there
is a need to judge the motor lock state based on the voltage
(back electromotive force) that occurs across the motor coil.

As a technique for detecting the lock state of a sensorless
motor, the present inventor has investigated the following
technique (which will be referred to the “comparison tech-
nique”). A back electromotive force having a sine waveform
occurs across the motor coil according to the rotation of the
motor. With the comparison technique, a back electromotive
force that occurs across at least one of the coils of the motor
is compared with a common voltage of the coil by means of a
comparator. When the motor is stably rotating, the back elec-
tromotive force thus generated crosses the common voltage in
a cyclic manner. Thus, the output signal of the comparator
(which will also be referred to as the “back electromotive
force detection signal”) transits in a cyclic manner. Con-
versely, if the motor locks, the back electromotive force is not
generated. Accordingly, the back electromotive force detec-
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tion signal is not generated. Thus, with such a comparison
technique, a motor lock state can be detected by monitoring
the back electromotive force. Specifically, when the back
electromotive force detection signal is not asserted, judgment
is made that a motor lock state has occurred. Related tech-
niques are described in Japanese Patent Application Laid
Open No. 2005-6405, and Japanese Patent Application Laid-
Open No. H10-234130.

Examples of control methods widely employed for a three-
phase brushless motor include a 120-degree conduction sys-
tem and a 180-degree conduction system (sine wave driving).
The 120-degree conduction system has an advantage of
allowing the control operation to be performed in a simple
manner. As a tradeoff problem, such a 120-degree conduction
system has a disadvantage in that noise and vibration are
likely to occur as compared with the 180-degree conduction
system. In contrast, the 180-degree conduction system has an
advantage of low noise and low vibration, and an advantage of
high efficiency. However, once the control operation goes out
of'synchronization, the system goes out of control. In order to
solve such a problem, the 180-degree conduction system
requires a complicated control method, as compared with the
120-degree conduction system.

SUMMARY OF THE INVENTION

The present inventors have investigated the aforemen-
tioned comparison technique, and have come to recognize the
following problem. In a case of employing a 120-degree
conduction method or a 150-degree conduction method,
when the rotor stops after the motor locks, the generation of
the back electromotive force ceases. Thus, with such a com-
parison technique, detection can be made in a sure manner
whether or not the motor has locked. However, in a case of
employing a 180-degree conduction sine wave driving
method, in some cases, the generation of the back electromo-
tive force does not cease even if the motor has locked. Thus,
such an arrangement is not capable of detecting whether or
not the motor has locked.

The present invention has been made in order to solve such
a problem. Accordingly, it is an exemplary purpose of an
embodiment of the present invention to provide a motor driv-
ing circuit which is capable of detecting a motor lock state
immediately after the motor has locked.

An embodiment of the present invention relates to a driving
apparatus for a sensorless fan motor comprising multiple
coils. The driving apparatus comprises: a back electromotive
force detection circuit configured to compare a voltage that
occurs at one end of at least one from among the multiple coils
of the fan motor with a common voltage that occurs at a
common connection node at which the multiple coils are
connected together, and to generate, based on a comparison
result, a detection signal which is asserted in a cyclic manner
when the fan motor is stably rotating; a driving signal syn-
thesizing circuit configured to generate, based on the detec-
tion signal, a driving control signal which instructs conduc-
tion states of the multiple coils; a driving circuit configured to
apply a driving voltage to each of the multiple coils according
to the driving control signal; and a lock protection circuit
configured to detect a lock state of a rotor of the fan motor.
The lock protection circuit comprises: a period detection unit
configured to measure a period of the detection signal; a
synchronization pulse generating circuit configured to gener-
ate a synchronization pulse having a period that is 1I/N (N
represents an integer of 2 or more) of the period of the detec-
tion signal measured in a previous cycle; and a lock judgment
circuit configured to count the synchronization pulse in incre-
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ments of cycles of the detection signal, and to assert a lock
mode judgment signal when the count value exceeds a pre-
determined threshold value M (M represents an integer of 2 or
more) which is greater than the aforementioned number N.

With some driving systems such as the 180-degree conduc-
tion sine wave driving system, even after the driving system
goes out of synchronization (which will be referred to as the
“out-of-step state” in the present specification) due to the
occurrence of a motor lock state, assertion of the detection
signal continues although the rotor is not rotating. With such
an embodiment, when the period of the detection signal in a
current cycle reaches M/N times the period of the detection
signal measured in a previous cycle, judgment is made that
such a detection result represents an indication of the occur-
rence of the out-of-step state. Thus, such an arrangement is
capable of detecting a motor lock state in short period of time.

Also, an arrangement may be made in which M=N+1. With
such an arrangement, when the period of the detection signal
in the current cycle reaches (N+1)/N times the period of the
detection signal that was measured in a previous cycle, a
motor lock state can be detected. Thus, such an arrangement
requires a detection delay which is only 1/N times the period
Tp of the detection signal to detect a motor lock state, thereby
providing very high-speed detection of a motor lock state.

Also, the detection signal may be obtained by comparing a
back electromotive force that develops at one end of a coil
with the common voltage.

Also, an arrangement may be made in which N=12.

Also, the detection signal may be obtained by combining
signals each obtained by comparing a back electromotive
force that occurs at one end of a corresponding coil of the
multiple coils with the common voltage.

Also, when the detection signal is not asserted for a prede-
termined judgment period, the lock judgment circuit may
assert the lock mode judgment signal.

With an embodiment, when the lock mode judgment signal
is asserted, the supply of electric power to the sensorless fan
motor may be suspended.

Also, the driving apparatus may further comprise a low-
pass filter configured to receive a torque instruction signal
which indicates a target torque of the sensorless fan motor,
and to perform filtering of a signal having a value that corre-
sponds to the torque instruction signal. Also, the driving
signal synthesizing circuit may be configured to generate the
diving control signal according to an output signal of the
low-pass filter.

When the torque instruction signal suddenly falls, the
period of the detection signal becomes longer even when a
motor lock state has not occurred. In this state, in some cases,
this leads to false detection of a motor lock state. In order to
solve such a problem, by filtering the torque instruction sig-
nal, such an arrangement is capable of suppressing a sudden
reduction in the torque, thereby preventing false detection of
a motor lock state.

Also, the driving circuit may be configured to PWM (Pulse
Width Modulation) drive the fan motor.

Also, the driving circuit may be configured to BTL
(Bridged Transless) drive the fan motor.

Also, the driving apparatus may be configured to drive the
sensorless fan motor using a 180-degree conduction sine
wave driving method.

Another embodiment of the present invention relates to a
cooling apparatus. The cooling apparatus comprises: a fan
motor; and the aforementioned motor driving apparatus con-
figured to drive the fan motor.
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It is to be noted that any arbitrary combination or rear-
rangement of the above-described structural components and
so forth is effective as and encompassed by the present
embodiments.

Moreover, this summary of the invention does not neces-
sarily describe all necessary features so that the invention
may also be a sub-combination of these described features.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings which are
meant to be exemplary, not limiting, and wherein like ele-
ments are numbered alike in several Figures, in which:

FIG. 1 is a block diagram showing a configuration of an
electronic device including a cooling apparatus according to
an embodiment;

FIGS. 2A and 2B are circuit diagrams each showing con-
figuration examples of a driving signal synthesizing circuit
and a driving circuit; and

FIG. 3 is a waveform diagram showing the operation of the
driving apparatus shown in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described based on preferred
embodiments which do not intend to limit the scope of the
present invention but exemplify the invention. All of the fea-
tures and the combinations thereof described in the embodi-
ment are not necessarily essential to the invention.

In the present specification, the state represented by the
phrase “the member A is connected to the member B”
includes a state in which the member A is indirectly con-
nected to the member B via another member that does not
affect the electric connection therebetween, in addition to a
state in which the member A is physically and directly con-
nected to the member B.

Similarly, the state represented by the phrase “the member
C is provided between the member A and the member B”
includes a state in which the member A is indirectly con-
nected to the member C, or the member B is indirectly con-
nected to the member C via another member that does not
affect the electric connection therebetween, in addition to a
state in which the member A is directly connected to the
member C, or the member B is directly connected to the
member C.

Description will be made regarding an embodiment of the
present invention with reference to a fan motor driving appa-
ratus mounted on an electronic computer such as a personal
computer, a workstation, or the like, and configured to drive a
fan motor used to cool a CPU or the like.

First, description will be made with reference to FIG. 1
regarding the overall configuration of a driving apparatus 100
according to an embodiment. The driving apparatus 100 is
mounted on a cooling apparatus 4 including a fan motor 6, and
drives the fan motor 6. FIG. 1 is a block diagram showing a
configuration of an electronic device 1 including the cooling
apparatus 4 according to the embodiment.

The electronic device 1 is configured as an electronic com-
puter such as a personal computer, a workstation, or the like,
or otherwise a consumer electronics device such as a refrig-
erator, TV, or the like, and includes a cooling target, e.g., a
CPU 2. The cooling apparatus 4 cools the CPU 2 by blowing
air.

The cooling apparatus 4 includes the driving apparatus 100
and the fan motor 6. The fan motor 6 is arranged in the vicinity
of'the CPU 2 to be cooled. The driving apparatus 100 drives
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the fan motor 6 according to a torque instruction signal
(which will be referred to simply as the “instruction signal”
hereafter) which is supplied in order to indicate the torque
(rotational speed) to be set for the fan motor 6. The cooling
apparatus 4 is commercially available in the form of a mod-
ule.

The fan motor 6 is a three-phase AC motor including star-
connected coils, i.e., a U-phase coil L., a V-phase coil L,, and
a W-phase coil L,;, and an unshown permanent magnet. The
number of poles of the fan motor 6 is not restricted in par-
ticular. For example, the fan motor 6 may have four poles.

The driving apparatus 100 is configured as a function IC
(Integrated Circuit) integrated on a single semiconductor sub-
strate. The power supply voltage is supplied to a power supply
terminal ICVDD, and the ground voltage is supplied to a
ground terminal ICGND.

The driving apparatus 100 includes a back electromotive
force (BEMF) detection circuit 10, a PWM control signal
generating circuit 12, a low-pass filter 13, a driving signal
synthesizing circuit 14, a driving circuit 16, a rotational speed
signal generating circuit 20, and a lock protection circuit 60.

The driving apparatus 100 drives the fan motor 6 using the
180-degree conduction method (sine wave driving method).
Description will be made in the present embodiment regard-
ing an arrangement in which the driving apparatus 100 PWM
drives the fan motor 6.

The PWM control signal generating circuit 12 outputs a
PWM control signal S2 that corresponds to the target torque
of'the fan motor 6. The PWM control signal generating circuit
12 receives, as an input signal from outside the driving appa-
ratus 100, the instruction signal S1 which is pulse width
modulated according to the target torque of the motor. The
PWM control signal generating circuit 12 converts the
instruction signal S1 thus received into a PWM control signal
S2inthe formofa digital value. Also, the PWM control signal
generating circuit 12 may receive, as the instruction signal S1,
an analog voltage that corresponds to the ambient tempera-
ture Ta obtained by means of a thermistor or the like. The
PWM control generating circuit 12 may generate a digital
PWM control signal S2 according to the analog voltage thus
received. Also, the PWM control signal generating circuit 12
may receive a digital instruction signal S1 which indicates the
duty ratio from a host processor such as a CPU or the like.
Also, the PWM control signal generating circuit 12 may
generate the PWM control signal S2 according to the digital
signal thus received.

The low-pass filter 13 smooths the PWM control signal S2
having a value that corresponds to the instruction signal S1,
and outputs the PWM control signal S2 thus smoothed to the
driving signal synthesizing circuit 14. The low-pass filter 13
may be configured as a digital integrator, for example. In a
case in which the instruction signal S1 or the PWM control
signal S2 that corresponds to the instruction signal S1 is
configured as an analog voltage, the low-pass filter 13 may
smooth the analog voltage.

The BEMF detection circuit 10 compares the back electro-
motive forces V., V, and V;,, which occur at respective one
terminals of the star-connected U-phase coil L, V-phase coil
L, and W-phase coil L, with a common voltage V ., that
occurs at a common connection node N1 at which the three
coils are connected together so as to generate a rotation detec-
tion signal S3 which is asserted periodically.

The BEMF detection circuit 10 includes comparators
CMP,,, CMP,, and CMP,, respectively provided for the U
phase, V phase, and W phase. The comparators CMP,,
CMP, and CMPy,each compare the common voltage V -5,
with a corresponding one of the coil voltages (back electro-
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motive forces) V., V., and V;, that occur at respective one
terminals of the coils L, L, and L, provided for the respec-
tive phases. The BEMF detection circuit 10 generates the
detection signals BEMF,,, BEMF,, and BEMF;, which are
each asserted every time the back electromotive force that
occurs at the corresponding phase coil crosses the common
voltage V., When the fan motor 6 is stably rotating, the
multiple detection signals BEMF,,, BEMF ,, and BEMF ;,are
respectively asserted in a cyclic manner in synchronization
with the rotation of the rotor. More specifically, the detection
signals BEMF,, BEMF,, and BEMF . are sequentially
asserted in cycles of an electrical angle of 360 degrees with
phases sifted by 120 degrees from one another.

The BEMF combining circuit 11 logically combines the
detection signals BEMF,, BEMF,, and BEMF ;.output from
the respective comparators CMP,, CMP ,,and CMP;.so as to
generate a rotation detection signal S3. The rotation detection
signal S3 is asserted every time the fan motor 6 rotates by a
predetermined electrical angle of 60 degrees. It should be
noted that the configuration of the BEMF detection circuit 10
is not restricted to such an arrangement shown in FIG. 1. The
BEMTF detection circuit 10 may be configured using the com-
parator CMP,, alone. In this case, the rotational detection
signal S3 is configured as the detection signal BEMF,..

The driving signal synthesizing circuit 14 receives the rota-
tion detection signal S3 and the PWM control signal S2, and
combines these signals so as to generate a driving control
signal S4 such that a coil current having a sine waveform
flows through each of the coils L., L, and L ;- for the respec-
tive phases. Specifically, the driving signal synthesizing cir-
cuit 14 predicts the phase (position) of the rotor of the fan
motor 6 in the current cycle based on the rotation detection
signal S3 acquired in the previous cycle. Furthermore, based
on the phases thus predicted, the driving signal synthesizing
circuit 14 generates the driving control signal S4 configured
as digital values which indicate the driving voltages V., V.,
and V- which are to be respectively applied to the coils L.,
L, and L ;- provided for the respective phases.

The driving circuit 16 applies the driving voltages V., V,
and V. to the respective one ends of the coils L, ,, L, and L,
according to the driving control signal S4. The driving circuit
16 PWM drives the fan motor 6. It should be noted the driving
circuit 16 may BTL drive the fan motor 6, as described later.

FIGS. 2A and 2B are diagrams each showing example
configurations of the driving signal synthesizing circuit 14
and the driving circuit 16. The driving apparatus 100 shown in
FIG. 2A PWM drives the fan motor 6.

The driving signal synthesizing circuit 14 includes a syn-
chronization control unit 30 and a multiplier 32. According to
the rotation detection signal S3 as a trigger, the synchroniza-
tion control unit 30 reads out waveform data S7,,, S7,, and
S7,, which are provided for the respective phases U, V, and
W, and which have phase differences of 120 degrees from one
another.

The synchronization control unit 30 includes a period
detection unit 50, a waveform readout unit 52, and waveform
memory 54. The waveform memory 56 holds sine wave
waveform data having a normalized amplitude. The sine wave
waveform data is not restricted to such a perfect sine wave
waveform. Also, quasi-sine wave waveform data, e.g., trap-
ezoidal wave waveform data, may be employed.

The period detection unit 50 measures the period of the
rotation detection signal S3, and holds the values thus mea-
sured. The waveform readout unit 52 reads out the waveform
data from the waveform memory 54 such that the period of the
rotation detection signal S3 measured in the previous cycle is
associated with a predetermined electrical angle. For
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example, in a case in which the rotation detection signal S3 is
configured as the detection signal BEMF ,, the waveform
readout unit 52 reads out the waveform data such that the
measured period is associated with an electrical angle of 360
degrees, i.e., is associated with the period of the waveform
data.

The multipliers 32U, 32V, and 32W respectively multiply
the waveform data S7,, S7,, and S7,, thus read out, by a
PWM control signal S2' that corresponds to the torque
instruction signal S1, so as to generate the driving control
signals S4,,, S4,, and S4,;..

The driving circuit 16 includes a pulse width modulator 34,
a driver 36, and a bridge output stage 38. The pulse width
modulator 34 pulse width modulates each of the driving con-
trol signals S4,, S4,, and S4,. The inverter-type bridge out-
put stages 38U, 38V, and 38W, and the drivers 36U, 36V, and
36W, are provided for the respective phases. The drivers 36U,
36V, and 36W respectively switch on and off the correspond-
ing bridge output stages 38U, 38V, and 38W according to the
PWM signals S8, , S8, and S8,;, generated by the pulse width
modulator 34.

The driving apparatus 100 shown in FIG. 2B BTL drives
the fan motor 6. The driving signal synthesizing circuit 14
includes a waveform readout circuit 30. The driving signal
synthesizing circuit 14 reads out the waveform data S7,, S7,,
and S7- for the respective phases U, V, and W in synchroni-
zation with the rotation detection signal S3 in a cyclic manner
with phase differences of 120 degrees. A PWM signal gener-
ating unit 39 generates a PWM signal S9 having a predeter-
mined frequency and having a duty ratio that corresponds to
the PWM control signal S2'.

D/A converters 40U, 40V, and 40W, and amplifiers 42U,
42V, and 42W, are provided for the respective phases. The
D/A converters 40U, 40V, and 40W each perform D/A con-
version of corresponding waveform data S7,, S7,, and 87,
The amplifiers 40U, 40V, and 40W respectively apply the
driving voltages V, V,, and V5, which correspond to the
output signals S10,, S10,, and S10,, output from the corre-
sponding D/A converters 40U, 40V, and 40W, to respective
one terminals of the coils L., L, and L. The driving volt-
ages V, V., and V;, respectively output from the amplifiers
40U, 40V, and 40W are each configured as a signal having an
envelope waveform that matches the waveform of a corre-
sponding one of the output signals S10,, S10,, and S10,
which are output from the D/A converters 40U, 40V, and
40W. Furthermore, the driving voltages V., V. and V, are
each configured as a pulse signal obtained by a switching
operation according to the PWM signal S9.

It should be noted that the configurations of the driving
signal synthesizing circuit 14 and the driving circuit 16 are
not restricted in particular. Rather, known or prospectively
available circuits may be employed.

Returning to FIG. 1, the rotational speed signal generating
circuit 20 generates, based on the rotation detection signal S3,
a rotational speed signal FG that transits with every mechani-
cal angle (motor angle) of 180 degrees with respect to the fan
motor 6, i.e., every time the fan motor 6 rotates a half-turn,
and outputs the rotational speed signal FG thus generated via
an FG terminal.

The lock protection circuit 60 is capable of detecting a lock
state such as a state in which a foreign substance is stuck in the
fan motor 6. When a lock state is detected, the lock protection
circuit 60 executes a predetermined protection operation. For
example, when a lock state is detected, the lock protection
circuit 60 transmits a notice to the driving signal synthesizing
circuit 14, the driving circuit 16, or otherwise an external DSP
which generates the input signal S1. When the unit receives
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such a notice that a lock state has been detected, the unit
performs an operation so as to suspend the supply of electric
power to the fan motor 6 for a predetermined period of time.

The lock protection circuit 60 includes a period detection
unit 62, a synchronization pulse generating unit 64, and a lock
judgment unit 66. The period detection unit 62 receives a
detection signal which is to be asserted every time the rotor
rotates by a predetermined electrical angle while the fan
motor 6 rotates stably. In the present embodiment, the detec-
tion signal to be received by the period detection unit 62 is
configured as the U-phase detection signal BEMF ., which is
asserted with every electrical angle of 360 degrees. However,
the present invention is not restricted to such an arrangement.
Also, the detection signal may be configured as the V-phase
detection signal BEMF,, or the W-phase detection signal
BEMEF ;. Alternatively, the detection signal may be config-
ured as the rotation detection signal S3 obtained by logically
combining the detection signals BEMF,, BEMF,, and
BEMF,.

The period detection unit 62 measures the period Tp of the
detection signal BEMF,, for each cycle. The synchronization
pulse generating unit 64 generates a synchronization pulse S5
having a period that is 1/N (N represents an integer of 2 or
more) of the period Tp of the detection signal which was
detected in the previous cycle.

The lock judgment unit 66 counts the synchronization
pulse S5 for each cycle of the detection signal BEMF ... When
the count value CNT exceeds a predetermined threshold
value M (M represents an integer of 2 or more), the lock
judgment unit 66 asserts a lock mode judgment signal S6.

The threshold value M is set to (N+1), for example.
Description will be made in the present embodiment regard-
ing an arrangement in which N=12 and M=13. In this case, the
synchronization pulse S5 has a period that corresponds to the
30-degree electrical angle of the rotor of the fan motor 6.

Furthermore, when the detection signal BEMF,, is not
asserted for a predetermined judgment period, the lock judg-
ment circuit 60 asserts the lock mode judgment signal S6.

The above is the configuration of the driving apparatus 100.
Next, description will be made regarding the operation
thereof. FIG. 3 is a waveform diagram showing the operation
of'the driving apparatus 100 shown in FIG. 1. When the rotor
is stably rotating, the detection signal BEMF ,is asserted with
every electrical angle of 360 degrees. The period detection
unit 62 measures the periods Tp,_;, Tp,, Tp,, ;, and so forth, of
the detection signal BEMF,, in increments of cycles.

During each cycle (i-th cycle), the synchronization pulse
generating unit 64 generates the synchronization pulse S5
having a period Tq that is 1/N (N represents an integer of 2 or
more) of the period of the detection signal BEMF,, measured
in the previous cycle, which is, more specifically, the period
T,,_, of the detection signal BEMF,, measured in the (i-1)-th
cycle immediately before the current cycle.

Tqi:Tpi—l/N

In a case in which N=12, when the rotor is stably rotating,
the period of the synchronization pulse S5 corresponds to the
30-degree electrical angle.

When the rotor is stably rotating, it is expected that Tp,_,,
Tp,s Tp,s1s - - -, are all the same. Thus, the expected value of
the final count value CNT in the i-th cycle is N or otherwise
(N-1).

On the other hand, if a lock state occurs in the rotor in a
certain cycle, the control operation goes out of synchroniza-
tion, leading to the out-of-step state. In this state, the rotor
phase is delayed with respect to the applied phases of the
driving signals V,, V, and V. That is to say, the detection



US 9,178,453 B2

9

signal BEMF,, is not asserted in the next timing although the
driving signals V., V,, and V, are each applied with an
electrical angle of 360 degrees. This means that the period
Tp,,, of the detection signal BEMF,, in the current cycle is
longer than the period Tp,,, in the immediately preceding
cycle.

With the driving apparatus 100 according to the embodi-
ment, when judgment is made that the final count value CNT
counted in a given cycle exceeds the threshold value M (=N+
1), the lock mode judgment signal S6 is asserted, i.e., judg-
ment is made that a lock state has occurred. In the waveform
diagram shown in FIG. 3, the count value CNT exceeds the
threshold value M=13 in the (i+2) cycle. In this cycle, the lock
mode judgment signal S6 is asserted.

In a case in which N=12 and M=13, when the detected
angle ofthe rotor phase has a delay of 30 degrees or more with
respect to the phases of the driving voltages V,,, V,, and V,
the lock protection circuit 60 judges that a lock state has
occurred. Here, it should be noted that, in actuality, the rotor
is stationary. Thus, the detected angle of the rotor phase is not
equal to the actual rotational angle of the rotor.

As described above, with the driving apparatus 100, the
period Tp of the detection signal BEMF ,,is measured for each
cycle. When the period Tp, of the detection signal BEMF ., in
the current cycle reaches M/N times the period Tp,_, of the
detection signal BEMF,, which was measured in the previous
cycle, this detection result is used as an indication which
indicates the occurrence of the out-of-step state. Thus, such
an arrangement is capable of detecting a motor lock state in a
short period of time.

When the torque instruction signal suddenly falls, the
period of the detection signal becomes longer. In some cases,
this leads to false detection of a motor lock state even if a
motor lock state has not occurred. With the driving apparatus
100 according to the embodiment, by filtering the torque
instruction signal S2, such an arrangement is capable of sup-
pressing a sudden reduction in the torque, thereby preventing
such false detection.

Furthermore, when the detection signal BEMF,, is not
asserted for a predetermined judgment period, the lock judg-
ment circuit 60 asserts the lock mode judgment signal S6.
Thus, such an arrangement is capable of detecting the occur-
rence of a motor lock state even in a situation in which the
detection signal BEMF,, is not generated.

Description has been made above regarding the present
invention with reference to the embodiment. The above-de-
scribed embodiment has been described for exemplary pur-
poses only, and is by no means intended to be interpreted
restrictively. Rather, it can be readily conceived by those
skilled in this art that various modifications may be made by
making various combinations of the aforementioned compo-
nents or processes, which are also encompassed in the tech-
nical scope of the present invention. Description will be made
below regarding such modifications.

Description has been made in the embodiment regarding
an arrangement in which M=N+1. Also, an arrangement may
be made in which M is equal to or greater than (N+2).

Description has been made in the embodiment regarding
an arrangement in which a motor lock state is detected in the
180-degree conduction sine wave driving control system.
However, the present invention is not restricted to such an
arrangement. There are other driving control systems in
which the back electromotive force detection signal is gener-
ated in a cyclic manner even after a motor lock state has
occurred. The present invention is applicable to such driving
control systems.
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Description has been made in the embodiment regarding
anarrangement employing a three-phase motor. However, the
number of the motor phases is not restricted in particular.

Description has been made in the embodiment regarding
an arrangement in which the cooling apparatus 4 is mounted
on the electronic device so as to cool the CPU. However, the
usage of the present invention is not restricted to such an
arrangement. Also, the present invention is applicable to vari-
ous kinds of applications configured to cool a heat-generating
component.

While the preferred embodiments of the present invention
have been described using specific terms, such description is
for illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from
the spirit or scope of the appended claims.

What is claimed is:

1. A driving apparatus for a sensorless fan motor compris-
ing a plurality of coils, the driving apparatus comprising:

a back electromotive force detection circuit configured to
compare a voltage that occurs at one end of at least one
from among the plurality of coils of the fan motor with a
common voltage that occurs at a common connection
node at which the plurality of coils are connected
together, and to generate, based on a comparison result,
a detection signal which is asserted in a cyclic manner
when the fan motor is stably rotating;

adriving signal synthesizing circuit configured to generate,
in synchronization with the detection signal, a driving
control signal which instructs conduction states of the
plurality of coils;

a driving circuit configured to apply a driving voltage to
each of the plurality of coils according to the driving
control signal; and

a lock protection circuit configured to detect a lock state of
a rotor of the fan motor,

wherein the lock protection circuit comprises:
aperiod detection unit configured to measure a period of

the detection signal;

a synchronization pulse generating circuit configured to
generate a synchronization pulse having a period that
is 1/N (N represents an integer of 2 or more) of the
period of the detection signal measured in a previous
cycle; and

alock judgment circuit configured to count the synchro-
nization pulse in increments of cycles of the detection
signal, and to assert a lock mode judgment signal
when the count value exceeds a predetermined thresh-
old value M (M represents an integer of 2 or more)
which is greater than the aforementioned number N.

2. The driving apparatus according to claim 1, wherein
M=N+1.

3. The driving apparatus according to claim 1, wherein the
detection signal is obtained by comparing a back electromo-
tive force that develops at one end of a coil with the common
voltage.

4. The driving apparatus according to claim 3, wherein
N=12.

5. The driving apparatus according to claim 1, wherein the
detection signal is obtained by combining signals each
obtained by comparing a back electromotive force that occurs
atone end of a corresponding coil of the plurality of coils with
the common voltage.

6. The driving apparatus according to claim 1, wherein,
when the detection signal is not asserted for a predetermined
judgment period, the lock judgment circuit asserts the lock
mode judgment signal.
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7. The driving apparatus according to claim 1, wherein,
when the lock mode judgment signal is asserted, the supply of
electric power to the sensorless fan motor is suspended.

8. The driving apparatus according to claim 1, further com-
prising a low-pass filter configured to receive a torque instruc-
tion signal which indicates a target torque of the sensorless
fan motor, and to perform filtering of a signal having a value
that corresponds to the torque instruction signal,

and wherein the driving signal synthesizing circuit is con-

figured to generate the diving control signal according to
an output signal of the low-pass filter.

9. The driving apparatus according to claim 1, wherein the
driving circuit is configured to PWM (Pulse Width Modula-
tion) drive the fan motor.

10. The driving apparatus according to claim 1, wherein the
driving circuitis configured to BTL (Bridged Transless) drive
the fan motor.

11. The driving apparatus according to claim 1, configured
to drive the sensorless fan motor using a 180-degree conduc-
tion sine wave driving method.

12. A cooling apparatus comprising:

a fan motor; and

the motor driving apparatus according to claim 1, config-

ured to drive the fan motor.

13. A control method for a sensorless motor comprising a
plurality of coils, the control method comprising:

10
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comparing a voltage that occurs at one end of at least one
from among the plurality of coils of the fan motor with a
common voltage that occurs at a common connection
node at which the plurality of coils are connected
together, and generating, based on a comparison result,
a detection signal which is asserted in a cyclic manner
when the fan motor is stably rotating;

measuring a period of the detection signal;

generating a cyclic signal having a period that is 1/N (N

represents an integer of 2 or more) of a period of the
detection signal that was measured in a previous cycle;
and

counting the cyclic signal in increments of cycles of the

detection signal, and asserting a lock mode judgment
signal when the count value exceeds a predetermined
threshold value M which is greater than the aforemen-
tioned N.

14. The control method according to claim 13, further
comprising suspending a driving operation of the sensorless
fan motor when the lock mode judgment signal is asserted.

15. The control method according to claim 13, wherein the
sensorless motor is driven using a 180-degree conduction sine
wave driving method.
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